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INTRODUCTION 

Since mid-November 196ft a chess program has been 
under (fcvdupmeoi at ihc Artificial Intelligence 
Laboratory oE Project MAC at M IT. This paper dc- 
scribes the state of the program as of August 5967 
and gives some of the details of the heuristic* and 
algorithms employed, 

DthCliJtiJUL'ill of the prH.nj i n,un 

Th« first step wc toot was lo produce a simulated 
chess set. whereby the computer would display the cur- 
rent board and accept moves in standard chess notation 
through a teletype. Routines lo evaluate the board, 
generate legal moves, and perform u minima.* search 
of o sjame tree were quickly added, and with further 
dcvulupmeni the program played in its first tourna¬ 
ment in February of L967. Tt played in local tourna¬ 
ments again in March, April and May. t he improve¬ 
ment it has shown is due (0 additional programming 
and debugging, not learning. 

Table l summarizes (he program’s performance in 
tournaments. For comparison, the meao of all U. S. 
tournament players is about 1800, while th-* mean 
of all chess players is in (he 800 h> 1000 range, TT»c 
program Wins about 30ft of it? games against non- 
tournament players. 


T ThE proErarr. *-.rj written jihOWily by IUe first aULHor wba 
»*« Matted by lliu recond author. Work reported herein 
Wat. lupporiEil in pad by Pr^t MAC, nn-J M.I.T re 
re.ireh program apen^red by Ihr Advsrfcs.'Cd ftesEj-rch Pro- 
jm;( AgErv;v, Dcp^rtmEni of DefEijsf, und.ET OffioE trf Krvj.1 

Hewimih ConLfaer Number NuM folfol >. »Eprodurij™ 
:n whale nr in pari in pernnhed for &irv purpait nf the 
United Sinws Government. 
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Performance 


Won 

Lost 

Drew 

Rating 

Racing 

Feb 

0 

4 

3 

[243 

1243 

Mar 

1 

4 

0 

1330 

1360 

Apr 

2 

0 

2 

14S0 

1640 

May 

0 

4 

0 

1400 

opponent 

(weakest 
was 1680) 


The program is an honorary member of the United 
States Chess Federation and the Massachusetts Chess 
Association, under (he name Mat Hack Six. In the 
April amateur (non master) tournament the program 
won the dm D trophy. 

A short history M chess playing prt>gr*Mg 

The first important paper dealing with methods 
for programming chess playing programs was written 
by Shannon in 1949 (lj. In his paper the concept 
of minima* ircc search it used- Tn 1950. Turing 
described a hand simulation of a chats program (2). 
In Turing’s paper (he concept of a dead position is 
introduced. A dead position is one in which neither 
side can immediately gain hy making a capture These 
papers and two programs known os (he Los Alamos 
program and the Bernstein program (S) are de¬ 
scribed in a paper by Newell, Shaw and Simon 13), 
Their paper describes o chess program which deviates 
from the analysis done in tbe previous programs in that 
It employs explicit plans and goals in making its moves, 
A more recent program in (he NewelL, Shaw and 
Simon tradition is the MATER program of liinion and 
Baylor (4>. This program, however, deals only with 
mating combinations of a few moves. The program 
which I* most similar to our program is described 
til a Bachelor's thesis by Alan Kotok (5). A variant 
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of Kotok’s proiirjjn was used by John McCarthy 
in a chess mat^h with a Russian program (6). It is 
fair to say that out program in stringer than any of 
(hew; programs in across the boatd play. 

Appwh und environment 

The approach we have taken in anting the chess 
program has been quire pra^jitetk;. We did not pretend 
to be writing a general problem solving system,, but 
addressed ourselves dinedly to the problems of chess. 
The gaol of being able to play complete games under 
tournament conditions has meant Chat most of the 
effort so fat has gone Into building an efficient and 
effective tactical base. Therefore, consideration oi 
learning mechanisms, strategic planning mechanisms 
and special case treatment of opening and end play 
were foTtssialted, Book openings were recently added, 
although it turned out that the computer played much 
better in the openings without them than was expected, 

The environment in which this program has been 
developed is, we feci, more advantageous than for any 
previous chess program. The machine used is the 
Digital Equipment Corporation PDF-6 in the Artificial 
Intelligence Laboratory of Project MAC. This machine 
is equipped with a 256K Fabritek memory, a DEC 340 
graphic display, a model 35 teletype, a line printer, 
and four Dectape drives. 

The machine was originally used on-fine by one 
person al a time and the teletype and graphic display 
provided a high degree of interaction between the user 
and the program. 

The software provides tor the editing, assembling 
and debugging of programs and males fu|L use oi the 
interactive facilities. The mass memory and a time 
sharing system were added after most of the initial 
work on the program, was done. 

The mm memory has. proved very useful in later 
versions of the program, but it should be noted that 
ai the time of the first two tournaments the machine 
had only a 16K memory. 

The program was written entirely in MIDAS, a 
Pl>F-b macro assembly language (7). MIDAS was 
chosen for this program because of the ease of con¬ 
structing and debugging in it the complex data and 
control manipulations involved in writing a high per¬ 
formance chess program. Large economics of "time 
and memory ate also effected by writing in assembly 
language. The order code of the PI>P-6 computer is 
exceptionally well suited to assembly language coding. 

The program has been edited and reassembled over 
200 times and has played severaE hundred complete 
lames; consequently, those portions of the code which 
have been in use for a while are extremely reliable 


and the program’s; performance has yielded many ideas 
for improvement. 

Debugging aids 

The chess program contains several powerful inter¬ 
action debugging aids. These arc briefly listed below 

E > scope display of the board and game history 

2} acceptance of standard chess notation input (e g , 
P-K4J 

3) scope display of evaluation at any selected node 
in the game tree 

4) tracing of specific move in plausible; move genera¬ 
tor, displaying all factors thai went into plausi¬ 
bility and a comment about each, (e.g., 10 
points for unhlockfog die white queen bishop so 
that it now attacks QNJ) 

51 printed record of plausibility of all moves at 
top level and main variation from each top level 
move investigated 

6) statistics on how long, the computation took, 
how many plausible move generations, feed- 
overs and static evaluations occurred, etc. (These 
terms are dcsicrihcd below.) 

An omUnt oj the program 

We begin this section with a definition of some of 
the important dwss terms and then describe the major 
components and the flow of control. 

ChtW Items 

Ply—one piny by one side. Two plies equal one com¬ 
plete move. 

Pinned—a piece is pinned if moving it exposes (dis¬ 
covers) an attack, on another piece, rendering that 
piece; era prise (see below). If an attack on the king 
is thereby discovered, the original move is illegal. 

Safe move—a legal move for a piece that dew not 
render it immediately tn prise. 

Trapped—a piece is trapped if it has no safe moves. 

Isolated, backward, doubled, tripled—various pawn 
structure defects. (See section on static board evaluator 
for further dtauutan.) 

HevdopifleriE value—refers to a piece's radge over 
the board (number of squares and importance of 
those squares) m a particular position. 

Principal variation—the sequence of moves the «>m- 
putei Thinks most likely in a position. 

Game tree—the set oi all positions considered by the 
programs in a search, visualized in the form of a tree. 
This tree is diagrammed with the ancestor positions 
near the top of the page. 

Game tree node a nude in the game tree represents 
a position. The line leading to die node represents 
the move which lead to that position. The lines down 
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from the node represent moves leading to $iicCC?$0t 
positions. 

En prise 

A piece is c?i prise when It is under arcade and is 
iiuJc^gatfIj* defended- An example is a knight under 
mack by ii pawn Hind defended by a pawn (or any 
other piece), dearly it it in the opponent’s interest 
to take the kniglH even though he would lose the 
pawn. A more complex ease is where a knight is 
under a 1 tack by a bishop and rook and defended by 
a pawn. In this cose, it is- the existence ot a second at¬ 
tacker (the rook) which makes ihe knight flt priit. The 
sitiration is- further complicated when some of tin; at¬ 
tackers or defenders are pinned. Often a complete 
check fen whether a piece is ev? pn'ie can be quite com¬ 
plex, so Jit the program only partial checks are made 
at various singes, A typical determination is made by 
considering the value of the piece attacked? the num¬ 
ber of attackers, the number of defenders and the 
values of the least valuable attacker and defender. 
En prise checks are made to determine whether or 
not the hoard is si able fin o dead state) and arc also 
made at several places in the plausible move generator. 

1-lmTiplion of n simplified minima* search 

The program is organized around -a minimus search 
1 of a game tree, The branches oF the tree correspond to 
alternative moves end the nodes correspond to- posi¬ 
tions. Beginning with the actual position in which it is 
the machine’s turn to move, a routine known as the 
plausible move generator lisLS each legal move and 
assigns a plausibility valve to e;tch move. The moves 
are then ordered according to their plausibility score 
and a subset of She moves Is selected for Further -con- 
si deration- The first move of iliis subset is then postu¬ 
lated and the resulting position calculated. This process 
k repeated recursively until a certain depth is reached, 
at which point the position is evaluated using another 
routine known as the position evaluator. The position 
evaluator makes use of a function called the static board 
evaluator to compute a numerical value for the position. 
This numerical value has the significance that a positive 
value represents an advantage fur white (this larger 
live number, the greater the advantage), a negative 
number represents an advantage for black, and ME® 
represents an even game. 

After o position Is evaluated, the value is returned 
to the level above and it becomes the “best value -SO 
far 1 ’ for that position. Each other move of the subset 
selected by the plausible move generator is treated in 
the same manner, and when a value is obtained for" 
Ihc move, the value is- compared to the best value found 
so far. Tf the value associated with the move just con¬ 


sidered is belter for the side jc? move than the best 
value SO far, the new move is remembered and its 
value becomes the new best value so- far, '“Better'’ 
is- synonomous with “‘algebraically greater 1 ’ ]f while is 
the Side to move and ’’algebraically less" if black is the 
dde to move. If two moves lead to the same value, 
it is presumed that the fire! is slightly better because 
it received a higher plausibility score. After all of the 
selected moves at a position have been considered, the 
best value so far and itift move associated with that 
value are returned to the level above. The process is 
continued until a value for the actual current position 
is determined. The sequence of moves which arg the 
best moves is called the principal variation. 

Since it not Feasible to consider either all moves at 
any level or an indefinite number of levels, some severe 
constraints arc placed on the search- The basic 
starch (just described) starts from the current game 
position and proceeds a fixed number of plitS. 
A posilion evaluator is applied lo each of the end 
positions of Ihe baste search tree. This routine tests 
a condition known as the fccdovci condition (see 
below) of the position. If this condition h trite, tlteil 
Ihe plausible move generator is reapplied (up to cer¬ 
tain limits) and the position evaluator called at the 
resulting nodes- IF the feed-over condition is false, a 
value fur the position is developed by calling. Ihe static 
board evaluator and by exploring all plausible cap¬ 
tures. Plausible captures are generated in a manner 
similar to- regular plausible moves, but they must ap¬ 
pear Lii lead to relative gain of material, either through 
an actual capture or a pawn promotion. Positions re¬ 
suiting from plausible capture are turned over to the 
position evaluator. The program will explore sequences 
of favorable captures or pawn promotions without a 
depth or width limit. This is necessary because Other¬ 
wise pieces might he left sn prise and this would result 
in blunders of the first magnitude 

Should ihe program at any depth roach a check¬ 
mate, stalemate, or draw by repetition oF the position, 
it w|]| immediately return (o the previous level with 
an appropriate mate or draw value. Also the alpha- 
beta algorithm may provide -an exit at any level In 
the tree except the topmost level. 

The details of the static board evaluator, (he plausi¬ 
ble move generator, the fegdover conditions and the 
determination oF the width of the March are ail given 
In the ncxl section The alpha-beta algorithm, is de¬ 
scribed in a later section. 

The plausible move generator has three basic gools- 

The ulinjslbk- move generation 

I) To select a subscl of Legal moves for inclusion 
in the move tree. 
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2) To order these moves so as to optimize the ad- 
vuntoge rite program receives- fsrofTl the alpha-beta 
tree-pruning algorithm. 

3) To calculate the positional and developmental 
values i hat will decide program'* move it 
several moves lead to the same static value. 

The analysis done in the plausible move generator 
■s done Oil a per move basis rather than a per position 
basis—that 1$, for example, “this move is bad because 
it blocks my bishop” rather than <L the position result¬ 
ing alter this move is bad because the bishop is 
blocked. 1 ’ To determine the latter fact starting just with 
Ihc board position would require considerably more 
processing aad analysis of rrrekvertt details. 

Numerous heuristics are available for the plausible 
move genet aior. As is Frequently the case with heuris¬ 
tics, they may not be valid in particular situations, 
therefore a program organization is required which al¬ 
lows for the interaction of the heuristics to determine 
which of them most nearly applies in Lbe current 
situation. 

Very generally speaking, two types oE heurstic inter¬ 
action are used in the chess program. One type- 
of interaction involves enumeration of all com¬ 
binations of facts. Such an enomeramn leads to 
the familiar tree structure with the nodes of the tree 
corresponding to subdedsions. Each node Is dependent 
upon only one fact. The size of this tree grows ex¬ 
ponentially with Hte uember of facts involved, severely 
limiting the usefulness of this technique. 

The second type of interaction uses weighted sums. 
A value !5 assigned to each fact proportional to its 
average importance, and each move Ls scored is the 
sum of the weights oi (he attributes which apply to 
the move. In the simplest case, the move with the high¬ 
est score is chosen. The complexity of this process 
grows linearly with tlw number of facts; not exponential¬ 
ly. Also there is opportunity for ft large number of 
small factors to add up and sway the final decision in 
ft way hard to achieve with the enomerative process. 
While it is true that any linear weighting, process can 
be simulated by an appropriate cnumcratiwc process, 
fpr large numbers of facts the sis® of the cnumcrativc 
process becomes absolutely unmanageable, So for prac- 
tical purposes the techniques are distinct. Linear weight¬ 
ing methods have been used before in game playing 
programs:, nevertheless they have a weakness in that 
they basically Lai to take into account (he jelatfoil- 
shlps that may exist between the facts. To put H art’ 
Other way, the importance ol A fftet may vary depend¬ 
ing on the position. Non-linear techniques have been 
proposed to solve this problem, but chess is a game 
where the relationships, are so complicated and nu¬ 


merous that it Ls uniikely muds additional headway 
could be made by making the weighting nonlinear. 

The solution incorporated in the current chess pro¬ 
gram is a nested combination of the two methods, 
Thu top level decision process is cntimerativc; that 
rs a game tree is searched. However, selection of moves 
Eor the game tree is controlled by it weighted decision 
process, the plausible move generator. Many of the 
'Tacts’' going into the plausible move score arc Ibem- 
sdves enuniciativoly determined using such criteria as 
whether the move is. a capture of not, whether various 
pieces are en prise or not, etc, These predicates (or in 
some eases weights) are themselves decisions which 
are made by esiumerarivc or weighted sunt decision pro¬ 
cesses and so forth. The net result ]s (hat the program 
is frequently able to graip the effect of particular fea¬ 
tures of the position Hut make some othurwi^ hvsignif- 
icant factor more important. 

Demits of the maror components 

The major reason for the quality oF tire program’s 
play is that considerable chess knowledge has been 
programmed in, In this section much of the detail is 
presented, To some extent, these detaiLs are volatile, 
so what follows is more representative than definitive. 

The plausible move generator 

About 50 identifiable heuristics are used in comput¬ 
ing the plausibility. Many,, though, apply only in special 
cases such as captures, moves with certain pieces, or 
certain stages of the game, 

Each square is assigned ft importance during each 
plausible move compulation, corresponding roughly to 
the estimated worth of having an additional piece bear¬ 
ing on the square or the cos! ol taking away a piece 
presently bearing on the square. The principal criteria 
used for assigning these values include the closeness 
Of the square to the center of the board, its proximity 
tei (lie opponent's king, and iis occupation by one of 
our pieces which is etf prise. Smalt values arc given for 
occupation of the square by one of our pieces and for 
its closeness 10 Opponent's aide of the board. 

The current developmental value of a piece is the 
sum oF the values at ftU the squares it attacks (can 
move to in one move) plus values accumulated for 
actual attacks on enemy pieces. The new developmental 
value is similarity computed assenting ihe piece is in 
its proposed new location. The difference between these 
is used as a factor in the plausibility, ertc our aging de¬ 
veloping moves and discouraging a positional moves. 
Gains or Losses in development resulting from block¬ 
ing or unblocking the opponent's 0* Our pieces arc 
also considered in Ok developmental value. Of course, 
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pulling opponent's pieces -l’hi prise is plausible. Further- 
mm, factors arc adLlcd to encourage certain types of 
attack*. on probate weak spots {weak pawns, pinned 
pieces, pieces defending oiher pieces, etc.). When a 
uapi.u il- is made, l he capturing move receives the de» 
velupricntal vfsdwc of the piece captured. Some very spe- 
etalifed heuristics also arc employed, such as, "'it is 
hud to move pieces in frcnl of ecnler pawns OH their 
original squares, thereby tending to block your own 
center." 

Several weaknesses were noticed id the early play 
of the program and measures were taken, to eliminate 
them. For example, sometimes an ^positional move 
would receive a high value because it was an attacking 
move. If this leads to gain, oil is welL and good; but 
if the opponent can -simply move away then the novo 
is a pointier waste of time. So, moves are scored 
separately on t?ieir positionality and if Ibis is bad these 
moves fire rejected if there is some other move which 
leads to an equal terminal score. 

Kruluijtiini of tIII- board 

The value of the board is given by 

5 — J1 4* R 4" ^ 4” K + C, where 
fi is a material balance term, 

R is a piece ratio change term, 

P is a pawn structure term, 
k is j king safety term, and 
C is a center control term. 

The material balance term makes use of the evalua¬ 
tion shown In table 2, 



Table 

2 

Piece 

Value 

Value Relative to Pawn 

fawn 

128 

L 

Knight 

416 

3.25 

Bishop 

445 

3.5D 

Rook 

640 

5 

Queer 

1248 

9.75 

King 

153-6 

12 


The value of 0 is t he sum of the values of the whits 
pieces on the board minus the Sum of the values of Ihe 
black pieces on the board. 

The piece ratio change term is aimed at promoting 
even or near even trades when ahead and avoiding 
them when behind. The ratio of white pieces to black 
pieces at the current node is compared to that ratio 
At the top of (he tree. If the side to move is three pawns 
ahead, for example, a trade oF a bishop for a knight 
will receive a positive piece ratio term, 
ft - !W(T-t)}nt*M, where 
^ W is ibe ratio of white material to Wach material at 
the node being evaluated. 


T is the ratio of white materia] to black material at 

the top node of the tree, and 
M is the material for one side at the beginning of 

the game. 

Thu pti(W arc evaluated using the iah]c nbovc, 
except ih:j( the king is, valued at I instead of ]S3t5. 

It has b«en pointed out that Ehe piece ratio change 
is slightly asymmetric with respect to color, but Ibis 
is of li((Je consequence sine* (his term only hits effect 
when one sick is very significantly ahead. 

The pawn structure term depends upon four sub- 
tenns, which score positively for each of the follow¬ 
ing: tripling up of opponent’s pawns (doubling only 
if isolated), the isolation of opponent’s pawns, our 
own passed pawns, and the opponent's backward pawns. 
Backward pawns arc considered weaker if they occur 
Oil an open file or if ihe opponent has rooks or queens 
on the board. 

A pawn Is isolated if there am no friendly pawns 

on An adjacent fde, 

A pawn Is passed If there ate no enemy pawns in 
front of it in the same file w an adjacent file. 

A pawn is backward according to the following cri¬ 
teria : 

If it is defended by a pawn, it is not backward. 

If it can be defended by a pawn in one move, fas¬ 
suming moves through friendly pieces arc permitted'), 
it is not backward unless it is on the second rank and 
the only pawn move which would dcFend it is a double 
advance which would then subject it to en passant 
capture. 

If there is a defending pawn move blocked by on 
enemy piece, if the pawn is blocked, the pawn is 
backward. If an adjacent pawn is blocked, the pawn 
is not backward. 

Otherwise, if there are friendly pawns in adjacent files 
such (hat the pawn would become defended if ad- 
vaifcjfd far enough, the pawn is backward. Otherwise, 
the pawn is not backward (i.c,, it's probably isolated). 

The king safety term applies only if queens arc 
on the board. The king safety term fK) Is eight times 
the rank oF the black king minus eight times, the rank 
of the ivhitE king. 

The center control term fC) is -j-1 if there is at least 
one white pawn in the center four squares and no 
black pawn, —I if there Ls at least one black pawn 
in the center four squares and no white pawn, and 
2 eno otherwise. 

IwFiJo'vcr conditions 

The feedover condjtion is true if: 

]) Ihe side to move has a piece en prise and one 
of the following: 

A) the side to rtvbve is fn check, 
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B 5 the ett prist' piece is trapped nr pmtied- 

2 > The- side 10 move has two Of ntdre pieces erJ prhe. 
Both side* huve exactly one piece <?r firfse aitd 
the piece of the side mol to move is trapped or 
pinned, while the piece of the -side to move is 
not. 

The reasoning behind the First two of Ihcsc condi¬ 
tions is that while the side to move could undoubtedly 
save a piece that was simply c-u prise he might not be 
able to save two pieces, both en prise, or one it it 
is trapped nr pinned or if the side to move is aliso 
■ecwtslrainod io escape a eheek. Thus the side to move 
i$ forced TO rrj his plausible moves nitd give the op¬ 
ponent an opportunity in try (o capture the prise. 
mafedal. 

I'ho reason inf behind, the third cqndidon is that the 
side io movie may be able to save hli piece instead 
of capturing lhe opponenl's piece. "B hem the opponent 
will try io save his piece, which he may nol be able 
10 do since it is (Tapped or pinned. 

The width of the stHirh 

Like the depths live number of moves considered at 
each level is a constant tempered by HttK heuristics. 
The constants (a different one few each level! Pfe 
usually aji fi for normal play, and are increased Io 
15, IS, 9, 9, 7 for tournament play, which means 
lhat the basic width ;« the top two levels is 15, while 
the basic width at levels three find four is- 9, anti the 
width is 7 for all succeeding levels. 

The heuristics involved all have the effect of extend¬ 
ing lhe width beyond the basic setting, so the only way 
that ihe program can fail to consider the indi-cated 
number of moves is either that She requisite number 
of moves simply do not exist or the tree-pruning algo¬ 
rithm provides an exit from the current level. 

The heuristics arc: 

E > All safe checks, are investigated. 

2) At the first or second Level, nil captures are 
investigated. 

JJ An attempt is made to investigate moves of a 
certain minimum* cumber of distinct -pieces, This 
minimum Is either half the bflstc width ftr the 
number of pieces with safe moves, whichever Is 
less. This heuriskc covers the ease where ail the 
moves of a single piece are highly plausible (say 
She queen, because it's en prise) and the rest of 
the board is not looked at. 

45 Moves which Lead to mate against the sidle to 
move are ignored and not tallied against the 
basic width. This guarantees that when a princi¬ 
pal variation shows a mate, that mate is forced. 


Addiiioftat features 

Two aljiorilhms For speeding up die; search and three 
heuristic CuinponCrtts for improving (he reliability of 
the search comprise this section, The algorithms do 
nol affect (he quality of the program's play. 

Thf ulpha-k'Li Ireii-pruiirng nlgririthm 

The alpha-beta algorithm fsometim.es misnomcred 
heuristic) has been a standard component of every 
modern game pLaying program. Et was apparently first 
used by Nowell, Elinor, and Shaw (Si. 

Iit thy search ns described above, a move is dis¬ 
carded if it leads to a value which is worse for ihu 
side to move than some already considered move, If 
we look, however, at two levels of the tree, say moves 
by while, followed by replies by black, we notice lhe 
following: As moves by bitch Lire being, explored, the 
value which i% going to be returned back, up to the 
white level (black's best value SO far) cannot be get¬ 
ting any better for wine and may be getting worse 
and worst. If a white mOv? tins already been evaluated, 
it i& possible to cheek a black move not only to see 
if it is wotsc for black than some alternative, but also 
to sec if it is so good for black that white would never 
make the move lending to lhat choice for black, or in 
olher words, whether the move is "too good" for 
black If lhe move is "too good," it is useless to consider 
any more moves for black' from that position and the 
white move leading Io that position may be discarded 
immediately. Thus, only one refutation is required 
to n proposed move and once it is found further search 
may be discontinued. The probability of alpha-beta cut¬ 
offs is increased by the fact lhat moves arc investigated 
in order of decreasing, plausibility, and a move is 
reined if it is equally good as the best so far ut 
the previous level. 

Seich a consideration leads (0 a tremendous speed¬ 
up of the search,, especially if whar turns oui to be 
the best move at each, position is considered first. One 
of the attributes of the plausible move generator b that 
it usually assigns the highest plausibility score to (lie 
best move,, so almost ifiasioial ivdvantages is gained. 
(Rough calculation show^ that the workload of the 
search is reduced by a fatlOr of about one tnindfed.) 

The name "alpha-beta 1 ' is derived front the fact 
that in ihc classic itfiplerneotacion of the algorithm. two 
lecunsEve variables are kept; alpha, the best value so 
far for white, iiiuJ hiria, the hc-vi value so far for black. 

11 a:nIL Hiding 

One obvious way to speed up the searching process 
is to avoid considering the same position twice (as 
could happen through a transposition of moves). To- 
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this end, the program inccrpojutO a hash table into 
which an ceil n,- is made for eCm - h position considered. 
The entry reeorch nttl only the result* of the search but 
■ilst-. a iiiuavif^ uf tow Jeep the search was which yielded 
the value, If the position is readied again, and the 
search in progress will nor penetrate any deeper than 
the stored eniiy. then the icsidls arc immediately oh- 
taint! from the hash r.iblc. Due to the tree pruning, 
algorithm, it is nos atony* known exactly what the 
value of a node is, but only dial it is greater or less 
than u. certain vh[ul- Provision is made for storing this 
information in the li.tslt table. On retrieval, the value 
is compared with alpha or beta (the tree prune vari¬ 
ables 1 iliac) a determination is made if further investiga¬ 
tion «s needed Presently, (to program uses a hash 
table of 32,Otl[) entries wish two machine registers pet 
entry An additional bonus Of [ho hash table feature 
is that it enahks the program to detect draws by repeti¬ 
tion conveniently, 

IVhhdifLvjtHinh In the value returned by the search 

If tw« movft arc found by the search It? lead to the 
same static value, the move which has the higher 
plausibility score is preferred. However, In some situa¬ 
tions, this move is not the most desirable one to make. 
In order to lake such cases into account, two lypes 
oF small modifications may be made to the valve re* 
(, turned from Lower levels in the process of move tree 
searching. 

The first modification sutdiacls a few points if the 
current move being investigated was marked as being 
developmental ly poor by the plausible move generator. 

The second type of modification occurs only if the 
principal variation ihol is returned is two or more plies 
long. If so, and It is found that the same piece was 
moved iwo plies down as is being moved in the cur¬ 
rent move, various small amounts are subtracted, de¬ 
pending on whether the piece is moved back to (he 
.square It came from m took two moves to accomplish 
a translation possible in one legal move nr the position 
occurs during the first eight moves of the game (moves 
which are almost always devoted Jo rapid development). 
This second type of modification was Introduced to 
fisc ihe program some sense of tempo and to counter 
its curly tendency to make senseless attacking movies 
that wxrc ■easily forced hack- 

Secondary sea^h 

A feature called secondary search was recently in¬ 
troduced, This tra done in on attempt to obtain im¬ 
proved search -depth at low cost. By ireleasing the 
depth or the search one can prevent the program from 
. walking into traps which would not be recognized 
1 with a search conducted up to (he norma! depth- 


Moreover,, one can discourage (ho tendency of lhe 
program to Wake delaying moves which force inevita¬ 
ble losses Jo occur beyond its normal lootatoad. A 
secondary search Is employed when (lie normal search 
results in a new candidate, for the best move at (he 
(Op level What is done Is to move down the principal 
variation fot (hat move aj fat as this variation was 
eompuied by (ho plausible move generator, and Mien 
(0 conduct in additional search. The depth of this 
search is usually limited to two pitas, although cap- 
Eurc and fetdover conditions cun Sntncsrc this number. 
The value produced by rhe secondary search is (ton 
used in place of the value first found for tim principal 
variation if it Is worse for (he side to move. 

Tills feature seems Jo improve the program'! evalua¬ 
tion of many moves even (tough it is somewhat prob¬ 
abilistic in nature, since it looks at only a small subset 
of the positions Jhnt may be reached If the particular 
(Op level move is made. It seems Jo cause greatest 
ijnprovsmenJ at tournament width settings when the 
principal variation is more reliable. 

Booh Openings 

The program incorporates a table of opening posi¬ 
tions and selected replies. Tills "book" was compiled 
by (wy IVf |,T. students. Lurry Kaufman, a chess master 
and (he top rated U. S. Junior player, and Alan 
Baisley, a chess expert. 

The lines in lhe book have been selected to suit the 
computer’s "style.' 1 The hook contains over 1 ,1000 
moves; however, actual games rately foMo*' book fot 
more than approximately Ifl plies. The took aids most 
the computer in avoiding "book traps" when playing 
againsi experienced players, 

SUMMARY 

Tournament play 

The computer enters [he tournamen t under the same 
rules as a human contestant. Moves are transmitted 
from (he lournamcnt site directly into the PDP-ti by 
teletype. A human operator is at the tournament who 
observes the opponent's move, types it in using standard 
chess notation, receives the machine’s reply, plays it 
on the board and operates the clock. Of the two hours 
allotted to the machine for making the first fifty moves, 
about 7 minutes arc normally lost In these operations. 

The machine never offers a draw, but if the opponent 
offers one, the operator types in "draw? 1 ’. The mach ine 
replies eilh-si ’’accept” or "'decline.'’ If (he machine be¬ 
comes hopelessly lost, human operators resign for it. 

Results 

The program is estimated to have played in excess 
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of 3fi0 games- in over Jhc board competition with hu- 

29 

R-Q3 

R-K7 

n;m 

players. Il has played IS tournament games,. We 

30 

R-Q2 

RXR 

wilt 

quote several tournament games. These ganujs 

31 

OXR 

N-K4 

were 

played under rules calling for a minimum of SO 

32 

R-QI 

Q-Q32 

moves ift two hour* or 

an average of 2.4 minufes pee 

33 

fl-OS 

K-KN3 

move. Actually* the program played niiyj of its recent 

34 

P-ON4 

B-QN3 

games at About iwiee that rate. A single plausible tWJve 

35 

0-0 ES 2 

N-0B3 

generation takes abom 

SO milliseconds for a typical 

36 

E5-K6 

N-Q5 

position In tile early 

fount aments the computer did 

37 

RXisr 

RXR 

not keep Imrli of the (inme used for each move, although 

33 

OXFcli 

K-KN2 

tins information is inclu 

ded with the same fTOm a laier 

39 

0-K.N4 

K-KR3 

toumament The time queued is aclual CCntipuier time 

40 

0X13 

0-R2 

and 

docs not include 

the operator overhead, This 

41 

0-K4ch 

K-KN3 

Inter tournament also saw ilk- introduction of the boot 

42 

13 KB5 

k-kn: 

opetiinfeature* which i 

j. not present in any of the other 

43 

OXR?ch 

K-KBl 

garner quoted. iTo convert the times given to .ma- 

44 

O-ORSch 

K-KB2 

chine operation*, mullipLy by the PDP-6's app-rawiriate 

45 

o-oRe 

0-QB2 

speed of 200.000 operations per second,) 

46 

0-05 

K-X2 




47 

k-n: 

0-K2 

Computet Tournament Cftess Games 

4fl 

P-KR4 

K-R3 




4.9 

P-N4 

K-N2 

Tournament l the Winter Amateur Tournament of 

50 

P-R5 

Q-K7 

the Massachusetts State 

: Chess Association Jan 21-22 

51 

P-RS 

K-KB1 

1967 


52 

F-R7 

OXKBF 

First Tournament Game Played By a Computer 

53 

xxo 

K-K2 

Whine-ratine 2190 BLack Mac Hack VI 

54 

P-R«=Q 

P-OR3 

1 

P-KN3 

P-K4 

55 

0-K6 MATE 


2 

N-KB3 

P-K5 




3 

N-Q4 

ITQB4 

First Non-Loss By Computer in Tournament 

4 

N-QN3 

H-QN3 

Came 3 Tournament t 


S 

R-KN2 

N-XB3 

Whn 

e—1*10 Black- 

■Mk Hack VI 

(s 

P-QR4 

P'Q3 

1 

P-K4 

F-K4 

7 

N-OB3 

B-K3 

2 

N-KB3 

H-0B3 

9 

P-03 

PXP 

3 

B-B4 

M-KB3 

9 

BXP 

N-Q2 

4 

N-N5 

P-04 

10 

PXP 

R-QNI 

5 

PXP 

N-0R4 

1 l 

B-KNT2 

0-0 

6 

B-N5ch 

P-B3 

12 

0-0 

R-KN5 

7 

PXP 

PXP 

13 

Q-GB2 

R-KJ 

a 

0-B3 

0 04 

14 

P-Q4 

P-QB4 

9 

QXQ 

NXQ 

15 

B-K3 

PXP 

10 

0-K.2 

13-KU4 

1* 

NXP 

N-K4 

11 

P-03 

B-QN3ch 

17 

F-KR3 

B-Q2 

32 

RG2 

BXB 

[3 

P-QN3 

B-QB4 

■ 3 

NXl3 

0-0 

19 

QR-Ql 

0-QB1 

34 

P-0R3 

P-KB3 

20 

K-KR2 

N-KN3 

35 

KN-1S3 

OR-ON] 

21 

U-KN5 

R-Kt 

16 

P=CN4 

N-QN2 

22 

RXN 

PXEJ 

37 

0-0 

N-QBfi 

23 

X-K4 

P.KB4 

IS 

KR-Ki 

NXB 

24 

N-KB6ch 

K-KN2 

39 

RXX 

X433 

25 

NXB 

QXN 

20 

N-K4 

NXN 

2* 


QR-Kl 

21 

PXN 

B-K3 

27 

XX R 

RXV 

22 

R-Ol 

B-QB5 

28 

Q-QB3 

P-KR3 

23 

R/K2-02 

R-QN2 
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24 

K-QS 

RXR 

2$ 

RXRcJi 

K-R2 

26 

M-R4 

N-KN4 

17 

N-B5 

R-OI32 

18 

F-N4 

1MCNS 

2$ 

R-06 

D-K7 

30 

R 08 

RXP 

31 

R-KNfttlt 

K-KR.4 

32 

N-N7ch 

K-KR3 

33 

N-B5th 

K-KR4 


•elc. and drawn by repetition 


Fir*L Game Won by Computer in Tournament Com- 
petition, Game 3 Tournament 2, Massachusetts Stale 
Championship 1967 


Wliihj 

Mite Hack VI 

Black—- 

E510 

1 

P-K4 

P-QR4 


Z 

P-04 

PXP 


3 

Oxp 

N-OB3 


4 

CJ-Q3 

N-B3 


5 

N-OB3 

P-KN3 


ft 

N-KB3 

P-03 


7 

B-KJ14 

P-K4 


S 

B-KN3 

P-0R3 


9 

o-o-o 

P-OX'4 


10 

P-QR4 

B-RJeb 


1 t 

K.QNl 

P-N5 


12 

GXP/Q6 

B-02 


X 13 

R.KR4 

B-N2 


14 

N-Q5 

NXKP 


15 

NOBTctl 

OXN 


16 

0X0 

N-B4 


17 

0-06 

B-XBL 


18 

0-05 

R-BL 


19 

NXKP 

B-K3 


20 

31 

QXNI 

R-OS MATE 

RXQ 


A More Recent Game Willi 

Times For Computer 

Moves, Game 2, Tournament 3 
Amateur 

Massachusetts Spring 

White Mac Hue VI Computer Time in set 

Black Unrated 

I 

P-K4 

BOOK 

P-K4 

2 

N-KB3 

BOOK 

N-ObJ 

3 

B-QN5 

BOOK 

F-QR3 

4 

0XN 

BOOK 

OPXB 

5 

0-0 

BOOK 

B-03 

<5 

P-Q4 

BOOK 

B-KN5 

7 

PXP 

BOOK 

BXN 

ft 

qxb 

BOOK 

BXP 

9 

P-OB3 

BOOK 

G-R5 

10 

P-KN3 

18.3 

0-K2 

11 

R.KI 

44.9 

P-KR 4 

V 2 

P-KR4 

Hi.7 

0-0-0 

13 

B-KN5 

78.5 

P-B3 


J4 

BKB4 

74,5 

P-KN4 

15 

BXB 

45.3 

OXB 

16 

PXP 

41.5 

PXP 

17 

O-K05ch 

60,5 

OXQ 

18 

PXO 

29.1 

N-B3 

19 

R-GR4 

33.8 

R-R5 

20 

M-OB3 

77.6 

R-Q7 

21 

P-QN3 

KH 0 

P-R6 

12 

N-K4 

56.0 

NXN 

21 

RXN 

43.3 

K-02 

24 

P-KB6 

19.0 

R. 03 

25 

P-KR7 

19.0 

R-B3 

26 

R-Okh 

25.8 

R-03 

27 

RXReh 

22.S 

PXR 

24 

K-KR2 

6R.25 

R-KBJ 

29 

KXP 

76.6 

RXF 

30 

R-K2 

22.6 

P-N4 

31 

K-N4 

30.5 

R-NZ 

32 

R-K4 

28.3 

F-04 

33 

PXQP 

19.4 

RXF 

34 

RK5 

23.2 

K03 

35 

RXNP 

J4.0 

RXR 

3ft 

KXR 

4.5 

K-K4 

37 

PKB4di 

6.0 

K-K? 

3R 

P-KR 5 

S.5 

P-05 

39 

P-B6 

4.9 

P-06 

40 

P-KE37 

5.1 

P-07 

41 

P-B8-0 

12.1 

P-08=Q 

42 

0-0B5th 

27.7 

K-K6 

43 

0-K6 

29.2 

K-B? 

44 

QXRp 

42.8 

0-04ch 

45 

K-B4 

20.45 

0-05cb 

46 

K-ESJ 

J4.9 

0-Q4ch 

47 

K-KN4 

21.0 

O-KBbcb 

48 

K-KR4 

16.3 

CXKNFch 

49 

K-KR5 

4.7 

0-K4 

50 

K-R6 

10.8 

O-Rl 


etc. finally drawn by repetition 
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